e research adopts the French ROCK600-50 three-axis experiment instrument and SH-II system to evaluate the acoustic emission (AE) peak of the rear axle of yellow sandstone by carrying out the confining pressure synchronous unloading experiment, and evolution of mechanical properties and characteristics of energy transformation and damage of a yellow sandstone, which is a twodamage process, the results of which have shown the following: (1) there are two damages appearing when the confining pressure is 5 MPa, 10 MPa, and 20 MPa. In contrast, these two damages do not appear when the confining pressure is 30 MPa and 40 MPa. e fracture degree and crack number of the two fractures are larger than those without two damages. (2) A failure stress release rate showed an obvious "√" trend. With the increase of confining pressure, the stress release rate of the two failures is increasing. (3) By keeping the strain of the body constant, it is determined to be the first time to destroy the warning. e two failures of rock are predicted by the inflection point of the axial strain slope. No two failures occurred, and the strain unloading process showed two characteristics. (4) Meanwhile, with the increase of confining pressure, the energy released from the peak decreases first and then increases; the law of releasing energy from one failure and two destructions is the opposite. No damage occurred two times. As the confining pressure increases, there is a continuous decrease of the energy released from the peak. As the confining pressure increases, the release rate of the primary energy decreases at first and then increases, and the rate of energy released two times is increasing. e plasticity coefficient shows the trend of increasing first and then decreasing. (5) e damage degree of the second rupture is greater than the first rupture.
Introduction
Due to the rapid development of science and technology, construction projects based on rock mass engineering demonstrate a trend of increase in terms of scale, quantity, and also complexity. Due to the variability of the rock formation process, there are few cases of homogeneous and intact rock mass on the excavation face, as shown in Figure 1 . e rock mass in the project has suffered various degrees of damage under the action of history stress. Historical stress leads to increase in defects. During the excavation process, the threedirectional stress of the surrounding rock gradually decreases and induces the ruptured rock mass to get further damaged.
e failure of the rock is the consequence of the stress reaching the limit condition (after the peak), and the excavation process is bound to cause the unloading of the surrounding rock. Accordingly, there is a uniformity between the failure of the ruptured rock mass and the postpeak unloading of the rock sample. Excavation and unloading have a certain impact on the failure of rock mass; however, the main reason is that the rock mass is fractured by joints, cracks, faults, slip planes, and filled layers. Accordingly, the rock mass engineering problem is the second serious one leading to the destruction induced by the unloading of the residual strength in the crushing body. e unit in three-way stress equilibrium (including a large number of defects) changes to be in a threeway simultaneous unloading state due to excavation, as shown in Figure 1 . e study on the secondary failure mechanics and damage evolution induced by unloading is of great significance to the stability evaluation of surrounding rock. Currently, massive studies have been made regarding the cyclic loading and unloading. Some achievements have already been made. For example, He et al. [1] [2] [3] [4] made a study concerning the acoustic properties under true triaxial rock unloading conditions. Xu et al. [5] used the MTS press and acoustic emission system to monitor rock mechanics and acoustic properties under cyclic loading. Zhou et al. [6] carried out cyclic loading experiments on brittle rocks, presenting an analysis about the stress-strain curve characteristics, peak load, and damage characteristics. Deng et al. [7, 8] carried out a uniaxial cyclic loading experiment on sandstone, mainly focusing on the correlations between total energy, elastic strain energy, and dissipation energy, damage parameters and their correlations, and also the correlations between the loadingunloading response ratio and damage variables and regularities.
e electromagnetic radiation was adopted by Song et al. [9] to monitor the deformation characteristics and capacity dissipation characteristics of coal samples under cyclic loading. Yin et al. [10] carried out triaxial tests on gas-bearing coal. Meanwhile, they also analyzed the mechanical characteristics of stress paths in the unloading direction with axial loading. Ray et al. [11] analyzed the strain and mechanical characteristics of sandstone under cyclic loading. Bagde and Petros [12] made a study about the fatigue characteristics and energy transformation of rock under cyclic loading. Zhao et al. [13] explored the damage and expansion characteristics of deep granite under triaxial cyclic loading. Liu et al. [14] carried out a research regarding the rock deformation and failure and the law of ultimate energy storage under four loading and unloading paths. Zhou et al. [15] carried out an in situ deep chamber in situ high-pressure true triaxial unloading experiment. Wang et al. [16] mainly attached their focus on the stress and volume strain of surrounding rock after dynamic unloading of the circular chamber under hydrostatic pressure. Wu et al. [17] conducted the indoor unloading rockburst experiment and numerical experiment with tunnel rockburst as the background. Xu et al. [18] implemented a research exploring the saturated sandstone cyclic loading pore water using MTS815 and analyzed the changing characteristics of the stress-strain curve during loading and unloading. Wang et al. [19] made a study regarding the distribution characteristics of unconfined uniaxial compression and initial hydrostatic pressure loading and unloading stress field through the theoretical analysis. Yang et al. [20] performed uniaxial cyclic loading tests on salt rock. Meanwhile, they also analyzed the modulus, Poisson's ratio, and energy dissipation law. Xiao et al. [21] [22] [23] explored the energy conversion during the rupture of coal and rock mass. Liu et al. [24, 25] analyzed the energy variation characteristics of the combined coal and granite destruction processes. Yang et al. [26] analyzed the damage experiment of uniaxial acoustic emission. Liu et al. [27] analyzed mining-induced inrushes from subjacent water conducting karst collapse columns in northern China. Li et al. [28] analyzed rock brittleness on the hydraulic fractures in the shale reservoir.
It can be seen from above that previous studies mainly focus on the mechanical characteristics, deformation characteristics, and energy conversion rules under single and triaxial cyclic loading and unloading paths. However, most of them focus on changing the loading-unloading path to simulate the on-site working conditions in the prepeak period and do not consider the actual surrounding rock itself as a rupture body. After the space is constructed, the microcells will be in a three-way synchronous unloading state and further rupture of the rock mass is induced.
erefore, aforementioned research studies actually cannot reflect the rupture characteristics of surrounding rock under objective and actual working conditions. In this paper, we use the Top Industrie ROCK600-50 adaptive multifield coupling experiment instrument of France and SH-II health monitoring system of American Acoustics Co. Ltd. to carry out the postpeak synchronous unloading experiment of the yellow sandstone at the axial and the confining pressure. e mechanical properties, energy conversion characteristics, and damage evolution of the yellow sandstone during primary failure and secondary failure are obtained. It focuses on the identification of precursory information of fractured rock mass, providing the basic data for the monitoring and the controlling of the stability of underground rock mass.
Experimental Methods

Experimental Sample Preparation.
In order to ensure the validity of the experimental results, yellow sandstone is processed according to the determination method of coal and rock deformation parameters (GB/T 23561. ). Standard size is Φ50 × 100 mm. e bulk density was finally determined at 2.16 g/m 3 based on the wax seal method. e strength was 74.8 MPa, while the elastic modulus was 12.8 GPa and Poisson's ratio was 0.28 by the uniaxial compression deformation test. It is shown from the detection of the internal structures through the industrial CT that the yellow sandstone is homogeneous and dense. When the rock samples are used for ultrasonic testing, the P wave velocity is approximately 3900 m/s and the S wave velocity is approximately 3100 m/s, which ensures that the rules for the exploration of these batches are reliable. e basic information of rock samples is shown in Table 1 . Due to the large number of rock samples, only the typical analysis was selected to give specific information. e fracture morphology of triaxial test specimens is shown in Figure 2 . As the depth of burial increases, the ground stress increases correspondingly. Meanwhile, the local main stress in the local area can reach 40 MPa or even more.
For the representativeness and extensiveness of the research problem, the hydrostatic pressure of the triaxial test was designed to be 5 MPa, 10 MPa, 20 MPa, 30 MPa, and 40 MPa, respectively. Due to space limitations, only representative rock samples were selected for analysis.
W S � W accumulation before the peak − W release after the peak , (7)
Experimental Equipment.
e experiment used the ROCK600-50 multifield coupling mechanics test system produced by the French Top Industrie company. Additionally, to monitor the rock-breaking process, the SH-II acoustic emission system was adopted in the experiment.
e device composition and arrangement relationship are shown in Figure 3 . In order to correct the moment of rock rupture and information, the acoustic emission sensor 1 is arranged on the base of the press, while data generated from the processes of loading and unloading are collected. e acoustic emission sensor 2 is arranged on the side wall of the confining pressure chamber. Since the signal is significantly attenuated in the hydraulic oil, acoustic emission signals can only be acquired when they are broken. e sensor is fixed in the corresponding position with high-strength magnets, during the process of which Vaseline coupling sensors and contact surfaces have been used. e acoustic emission threshold is 40 dB.
Experimental Scheme.
A servo pump was adopted in the three-axis synchronous unloading test to load the test piece. First, rock samples were loaded under hydrostatic pressures of 5 MPa, 10 MPa, 20 MPa, 30 MPa, and 40 MPa at a rate of 1 MPa/min. To ensure stable transition of the rock sample system and to discriminate acoustic emission effects, the hydrostatic pressure is maintained for a certain period of time. Afterward, the deviatoric stress is increased at a rate of 1 MPa/min until the rock sample is destroyed once. en, the confining pressure is kept constant for a while. It requires to unload the axial pressure and confining pressure simultaneously after a certain value is reached while secondary damage is induced. After the destruction, it is stabilized again and unloaded again synchronously until the rock sample is no longer stressed. From the initial loading to the completion of the uninstallation, acoustic emission monitoring is used throughout. e experimental path is shown in Figure 4 .
eoretical Basis.
In order to effectively collect and monitor the experimental data, the fracture process of rock damage will be analyzed from various angles, including the change of strain field, stress field, and energy field transformation and the evaluation of yellow sandstone damage by using the acoustic emission technology. In the strain field analysis, the variation characteristics of the corresponding strains at different initial hydrostatic pressures are analyzed using the axial strain-annular strain-body strain and time variation law. Body strain and axial strain are used to predict Shock and Vibrationrock breakage. In the energy analysis, stress-strain curves and stress-time curves are used to analyze the characteristics of energy accumulation, transformation, and release under different hydrostatic pressures and the characteristics of the plasticity coefficient and energy release rate of rock. When it comes to the damage analysis, it adopts acoustic emission energy to characterize the damage variables of the rock. An analysis about the damage evolution process is made. Figure 5 shows the relationship between energy accumulation, conversion, and release. It can be found from the figure that the energy calculation uses the stress-strain curve's integral form, in which the red line is the integral calculation energy. e unit of energy derived from the dimensions is kJ/m 3 , and the specific calculation formulas are shown in (1)- (8) .where W a is the total strain energy accumulated before the peak and W b refers to the strain energy released after the peak, while W 1P means the strain energy released from the first failure. W 2 and W 4 represent the strain energy released by synchronous unloading, while W 3P is the second failure. v W is the rate at which strain energy is released. w i is the strain energy released at the time after the peak. t i is the time elapsed after a peak was destroyed or unloaded. It has been marked in Figure 5 . In the figure, W S represents the remaining energy of the rock sample destruction process. K P is the rock plasticity coefficient.
Based on the research, the cracking energy of the rock and the strain energy released during the cracking process can be reflected through the energy in the acoustic emission characteristic parameters. is paper will use acoustic emission energy and cumulative energy to deduce the evolution of the rock triaxial damage.
e traditional damage variable is defined by the area ratio. is paper uses the deformation ratio method. e formula is
where ε 0 represents the change of strain in the process of rock entering into complete destabilization and ε is the maximum strain corresponding with the complete failure of rock samples. If the total energy collected by the acoustic emission during the complete fracture of the rock specimen is assumed to be W, the energy released by the rupture of the microelements correspondingly is 
Shock and Vibration
When the damage volume reaches ε 0 , the accumulated energy reaches W D :
where
According to the aforementioned theory, the authors will analyze the characteristics of energy conversion and damage evolution during secondary rock failure induced by simultaneous unloading. e energy conversion parameters are shown in Table 2 .
Analysis of Synchronous Uninstallation Results
Analysis of Characteristics of Simultaneous Unloading
Stress Change. In order to be truly close to the rock mass excavation process, to simulate the on-site stress field changes, and also to obtain the rock body failure evolution process, the rock sample is first loaded to the peak state in the experiment. Later, confining pressure-axial pressure is unloaded synchronously to the state of zero stress, during the whole process of which synchronous acoustic emission is adopted for monitoring. A total of 25 specimens were subjected to the above stress path experiment. ere are two situations being obtained from the analysis of the experimental results. One is that the secondary rupturing occurs under a certain stress state for the synchronous unloading, and the other is that no secondary damage occurred after unloading synchronously. Typical curves and broken photos are shown in Figure 6 . Figure 6 records the changes of the field over time and the fracture pattern of the rock sample at the moment of rupture. Besides, Figure 6 (a) shows the process information corresponding to 5 MPa confining pressure. In order to ensure that the rock sample is in a stable state and the quality of the acoustic emission signal can be improved, the confining pressure is applied for 300 seconds before the application of deviatoric stress.
e peak deviator stress at failure was 91.22 MPa. e initial failure stress was reduced by 60.58 MPa, which took 3.89 seconds.
e difference between stress and confining pressure after the initial destruction was 25.73 MPa. In order to ensure the stability of the stress and crack propagation, the converging pressure and axial pressure were unloaded synchronously when there is no change occurring on the observation curve. e stability lasted for 250 s, and the stress changed by 2.23 MPa.
e corresponding confining pressure in the secondary failure was 0.94 MPa. It took 2.32 s to reduce the stress by 4.59 MPa.
e difference between stress and confining pressure after secondary destruction was 4.86 MPa. After the confining pressure was unloaded to zero, the residual stress was 3.98 MPa. It can be seen from the conventional triaxial test that there were a typical single oblique shear failure and a splitting failure shown from typical ruptures. According to this, the primary damage is obtained from the master crack, while the secondary fracture is from the microcrack. e figure has identified the oblique shear damage occurring correspondingly with the first breakage and the drop below the pattern. ere were three shear cracks and one longitudinal crack in different directions in the secondary fracture. Figure 6 (b) shows the process information when the confining pressure is 10 MPa. e peak deviator stress at failure was 126.11 MPa. e first failure stress was reduced by 34.42 MPa, which took 4.92 seconds. e difference between stress and confining pressure after the first destruction was 81.69 MPa. Such a stability lasted for 900 s, and the stress changed by 2.78 MPa. e corresponding confining pressure during the secondary failure was 4.58 MPa. e stress was reduced by 20.48 MPa, which took 4.09 s.
e difference between stress and confining pressure after secondary destruction was 30.83 MPa. e residual stress after the confining pressure was unloaded to zero was 17.66 MPa. e figure has identified the oblique shear failure occurring during the first break and also the drop of the small pieces to the bottom of the pattern. ere were two shear cracks and one horizontal crack in two different directions in the second rupture. ere were cracks. Meanwhile, partial shear spalling occurred. Figure 6 (c) displays the corresponding process information when the confining pressure was 20 MPa. e peak deviator stress at failure was 156. 25 MPa.
e initial failure stress was reduced by 53.61 MPa, which took 4.36 s.
e difference between stress and confining pressure after the initial destruction was 80.63 MPa.
e stability lasted for 200 s, while the stress changed by 2.15 MPa. e confining pressure corresponding to the secondary failure was 2.9 MPa. Stress was reduced by 19.90 MPa, which took 1.78 s. e difference between stress and confining pressure after secondary destruction was 0 MPa. e residual stress was 0 MPa after the confining pressure was unloaded to zero. e figure has identified the oblique shear failure occurring during the initial break. One shear crack and one longitudinal crack appeared in the secondary fracture. Figure 6 (d) presents the process information corresponding to 30 MPa confining pressure. e peak deviator stress at failure was 198.78 MPa. Meanwhile, it took 4.41 s to reduce the failure stress by 87.65 MPa. e difference between the stress and the confining pressure after the destruction was 80.99 MPa. e stability lasted for 200 s, the stress changed by 2.56 MPa, and the residual stress after confining pressure was unloaded to zero was 5.91 MPa. It can be seen from the figure that the oblique shear failure occurred at the time of cracking. is also confirms the abovementioned argument regarding secondary cracking. Figure 6 (e) shows the process information corresponding to a confining pressure of 40 MPa. e peak deviator stress at break was 224.90 MPa. e failure stress was reduced by 67.68 MPa and it took 2.57 s. e difference between the stress after the break and the confining pressure was 118.18 MPa. e stability lasted for 350 s, leading to the stress change of 4.69 MPa, while the residual stress after confining pressure was unloaded to zero was 11.34 MPa. In the figure, it has been identified that there was an oblique shear damage.
e secondary failure of the confining pressure of 5 MPa is 4 cracks (3 oblique shearing and 1 stretching), and the unloading confining pressure value of the secondary failure 
Time (s)
Figure 6: Continued. With the increase of the initial confining pressure, the total number of cracks and the number of oblique shear cracks generated during the secondary damage are reduced. When the secondary damage confining pressure is large (4.58 MPa), a straight shear crack appears at this time. When the secondary failure confining pressure is small (2.9 MPa and 0.94 MPa), one tensile crack appears at this time. According to this, the crack type has a certain correlation with the secondary damage confining pressure value. When the confining pressure was 5 MPa, 10 MPa, and 20 MPa, secondary failure occurred. In contrast, there was no secondary failure when the confining pressure was 30 MPa and 40 MPa, indicating that the rock is easily destroyed again during excavation and unloading of low confining pressure.
is places higher demands on the support and stability control of the surrounding rock. It is shown that the stability of unloading rock mass is better under high confining pressure. Meanwhile, the self-supporting capacity of surrounding rock is strong. At the same time, the accumulated elastic energy is also large, and it may cause serious disasters under unsynchronized unloading.
In order to explore the characteristics of the destruction process, the confining pressures of the three groups of rock samples with secondary failures were set as low confining pressures, while the confining pressures of rock samples without secondary destruction were set as high confining pressures. It is shown from the analysis of the first destructive stability interval that the pressure drop in the 40 MPa stable interval is about twice that in the other confining pressure stable interval. It shows that a period of adjustment of about 200 s is required after rock failure under confining pressure. A pressure drop of 2.43 MPa occurs. With the increase of mining depth (40 MPa confining pressure), the required stabilization time and pressure drop are increasing. e fractures and cracks of the three rock specimens with secondary failure are larger than those of the two rock samples without secondary damage. e average time required for the initial failure of rock samples was 4.03 s. Except that the destruction time is small when the confining pressure is 40 MPa, the results of other groups are similar, which shows that it takes a certain period of time for the main crack to extend to the penetration. e time required for cracking under high confining pressure is relatively short.
e average value of the instantaneous decline of the primary failure of the rock sample with secondary failure is 49.54 MPa, while the instantaneous value of the rock failure without secondary damage is 77.67 MPa. e initial failure of the rock sample is more thorough under the high confining pressure. Meanwhile, it is not easy to cause secondary damage. e unloading crack under low confining pressure will continue to expand and induce secondary damage. At this time, the result is corresponding to the failure form of the rock sample. With the increase of confining pressure, the pressure difference during the initial destruction generally showed an increasing trend. However, the range of 10 MPa and 20 MPa did not change much. After the confining pressure is unloaded to zero, the residual stress does not demonstrate a certain 8 Shock and Vibration regularity under low confining pressure, which indicates that the residual stress in some areas is relatively large and the residual stress in some areas is small, which poses a great challenge to the stability control of the project. It can be found that the residual stress is stable under high confining pressure, which has certain guiding effect on the stability control of rock mass. In the secondary demolition induced by synchronous unloading, the corresponding confining pressure value, the pressure difference during secondary failure, the time of secondary failure, and the stress reduction value during failure are all different. erefore, it suggests that the problem of secondary failure pressure in the project needs to be handled with care. e decline in stress is bound to be accompanied by the release of energy. e speed of stress reduction is the key to causing disasters. Based on this, the stress release rate during the primary and secondary failure of yellow sandstone under different confining pressures is analyzed. e curve fitting results are shown in Figure 7 . rough analysis, it can be seen that the stress release rate of the initial failure demonstrates a "√" trend. e stress release rate of confining pressure in the range of 5 MPa and 10 MPa decreased, while the stress release rate in the range of 10 MPa to 40 MPa showed a linear increase. Attention should be attached to the destruction of disasters brought about by transients and deviants under the high confining pressure. e confining pressure (unloading) can reduce and change the mechanical properties of surrounding rocks. e fitting of several groups of rock specimens with secondary damage shows that the stress release rate increases as the confining pressure increases. e initial stress of the surrounding rock, to which excavation unloading can cause secondary destruction, is relatively large. Corresponding measures should be taken to reduce the stress release rate and ensure the stability of the project.
Analysis of Distortion Change Characteristics in Synchronized Unloading.
In order to grasp the variation of the deformation before and after the unloading of the triaxial test, the characteristics of the axial strain, hoop strain, and body strain after simultaneous unloading under different initial confining pressures were analyzed with time as parameters. Due to the way of hydrostatic pressure loading in the early stage, the axial deformation took the average of D 2 and D 3 . Figure 8 presents the strain-time curve under different confining pressures. At the initial stage of loading to 5 MPa hydrostatic pressure, there was an increase of the axial deformation and a decrease of the circumferential deformation. e axial variation was larger than the circumferential direction.
e rock sample was continuously compacted under the influence of external stress. e overall volume was continuously decreasing. During the process of maintaining the hydrostatic pressure at 5 MPa, the axial strain and the hoop strain did not change, and the body strain was 0.28. When deviatoric loading was applied, the axial deformation increases and the circumferential deformation continued to expand. At 1464 s, the circumferential deformation exceeded the initial value and continued to expand, and the body strain continued to decrease, indicating that the circumferential change rate was less than the axial change rate. When the body strain stayed the same (1987 s), it indicates that the rate of axial change was consistent with the rate of change of the circumferential direction. Meanwhile, it was considered as a time of early warning of damage. en, the expansion of the rock sample occurred, followed by destruction, and the body strain was greater than the initial value. After the occurring of a failure, it was found that the stress was stable and the strain changed. When it entered into the phase of simultaneous unloading of axial pressure and confining pressure, due to the difference of initial unloading stress, the overall axial loading and confining pressure unloading would occur, which was also the essential reason for secondary damage. e axial strain increases and the circumferential deformation continuously expanded. It can be seen from the body strain at this time that the circumferential speed of change was greater than that of the axial direction. e circumferential deformation reached the monitoring limit at specific moment. At this time, the instability information could not be judged by the circumferential change. Because there was a hoop strain in the body strain, only the axial strain could be used to evaluate the process information of the rock sample. ere was a change of the slope of the axial strain at 2759 s, indicating that the rock specimen was about to undergo secondary damage and secondary damage occurred in 2827 s. Confining pressure is unloaded to zero. e axial strain limit was 2.92. e results of the initial stage of the initial loading of the 10 MPa hydrostatic pressure rock sample and the 5 MPa rock sample peak were similar. However, there was no significant change occurring in the axial deformation and the circumferential deformation during the initial stage of axial unloading after the peak. is shows that the axial stress unloading speed and the hoop stress unloading speed were exactly the same. Meanwhile, it can be found that the state of stress was always in a stable state. After the unloading, the axial deformation decreased and then Shock and Vibrationincreased. e circumferential deformation increased. Afterward, secondary damage occurred. is time, the demarcation points of the decrease and increase of the axial strain were defined as the premonitory moment of the secondary failure. e results of the rock samples loaded to 20 MPa hydrostatic pressure were similar to those of the 5 MPa rock samples, which are not analyzed here. e peak of the rock sample before the occurrence of secondary failure was consistent with that of other rock samples. e unloading process of the rock sample with initial hydrostatic pressure of 30 MPa exhibited two-stage characteristics.
e ring strain of process 1 remained basically unchanged, while there was a continuous decrease of the axial strain. Expansion shows that the axial unloading speed was faster, and axial and circumferential unloading had less effect on the steady state of the ring. In process 2, the circumferential strain gradually decreased. Besides, the axial strain still decreased. e volume expansion rate slowed down. is indicated that both the axial direction and the circumferential direction were unloaded, and the axial direction still played a leading role. e rock sample with the initial hydrostatic pressure of 40 MPa was consistent with the process 1 of the rock sample with initial hydrostatic pressure of 30 MPa. Meanwhile, process 2 showed a tendency of gradual increase in hoop strain. is shows that the rock sample as a whole showed an axially unloaded and circumferentially loaded state. With the increase of hydrostatic pressure, the body strain of the rock sample was also increasing. When the pressure was lower, the increase was faster, and when the pressure was higher, the increase was more stable.
Synchronization Unloading Energy Change Characteristics Analysis.
According to the energy calculation method in the theoretical basis of Section 2.4, the elastic energy accumulated before the peak. Afterward, it was released after the peak. An analysis about the elastic energy released by the first failure and secondary damage, the energy release rate, the remaining energy, and the plastic coefficient is shown in Table 2 . For a clear analysis of the problem, Figure 9 displays the stress-strain-time diagram of confining pressure 10 MPa rock samples, and Figure 10 gives the stress-strain-time diagram of confining pressure 40 MPa rock samples. e calculation methods and ideas under other confining pressures are the same and are not repeated.
By analyzing the characteristics of energy conversion under low confining pressure and energy conversion characteristics under high confining pressure, it can be found that there is similarity before peak. e initial strain existed under the influence of hydrostatic pressure, and the elastoplastic section was obvious, during the process of which the rock sample was continuously storing the strain energy. Afterward, the fracture occurred and the energy was released instantaneously. High confining pressure rocks released more energy compared the total amount of energy generated under low confining pressure. In the initial phase of simultaneous unloading, convex curves appeared. High confining pressure and low confining pressure have demonstrated obvious differences in the later period. e deformation of the low confining pressure curve increased, and the strain energy is continuously released. In the event of a second rupture, less energy was instantaneously released and then the energy continued to release until the confining pressure reached zero. ere was a certain amount of residual stress while the energy release reached the end point. e deformation of the high confining pressure curve was continuously decreasing. Meanwhile, the rock sample was continuously absorbing energy until it reached the confining pressure zero point and the energy absorption was completed.
Based on the analysis of the strain energy stored before the peak under different confining pressures, it can be seen that with the increase of confining pressure, the energy stored before the peak is increasing.
e conclusion is consistent with objective reality. e greater the constraints on rock samples are, the more energy they can store. e strain energy released after the peak does not have regularity. When the confining pressure was 5 MPa, the released energy was greater than the absorbed energy. Due to the large fragmentation of the block, the external input energy leads to the release of self-energy. e energy released after the peak of the secondary fractured rock sample decreases and then increases corresponding with the increase of the confining pressure. e energy released by the first destruction and the energy released by W 2 also satisfied the above rules. e law of the energy released by the secondary destruction and the energy released by W 4 was exactly the opposite, showing a trend of increase and decrease afterward. e energy that was released after the peak of the rock sample without secondary damage was decreasing along with the increase of confining pressure. e energy released after the destruction also satisfied the above rules. e law of change of W 2 was contrary to it, presenting an increasing trend. e strain energy absorbed by W 4 increased continuously. e release velocity of the first destructive energy tended to decrease first and then increased with confining pressure.
e rate of release of secondary destructive energy continued to increase. As the confining pressure increases, the remaining energy appeared to increase first, then decrease and finally increase. e result is the reason why disasters under high stress in deep mining are highlighted.
e plasticity coefficient showed a trend of increase first and then decrease. When the confining pressure was 20 MPa, the plasticity coefficient of yellow sandstone was equal to 1.
Simultaneous Unloading Damage Change Characteristics
Analysis. According to formula (11) , the damage variable is normalized while the damage variable D based on the cumulative energy of acoustic emission is obtained. e curve of the deviatoric stress and damage variable over time in the process of synchronous unloading under triaxial conditions is given. Because of the similarity between the high confining pressure and the low confining pressure results, the curves corresponding to confining pressures of 10 MPa and 40 MPa were selected for analysis.
As can be seen from Figure 11 , the curve can be divided into eight phases. In the first stage, the hydrostatic pressure made the original pores and microfissures of the rock sample closed. At this point, the acoustic emission signal was less and the energy was smaller. e damage variable had a small increase. In the second stage, deviatoric stress loading caused the original cracks to continuously expand. At the same time, new cracks are generated. At this point, a certain Shock and Vibration 13 amount of acoustic emission signals was received while the energy was increased. Additionally, the damage variable was in a slow growth stage. In the third stage, the microcracks caused by the first destruction continuously penetrated into the main control cracks. At this time, the acoustic emission activity was intense and the energy was extremely high. e damage variable was in a rapid growth stage. 72.91% of the damage was caused by the initial destruction. In the fourth stage, simultaneous unloading resulted in a more stable resultant force and no new cracks appeared or expanded. At this point, the acoustic emission signal was minimal and the energy was minimal. e damage variable was in a stable phase. In the fifth stage, the stress difference caused by simultaneous unloading made the rock sample unstable, and microcracks initiated and expanded. Both the acoustic emission signal and energy demonstrate the increasing trend at this time. Meanwhile, the damage variable was in a rapid growth phase. At this point, it could be predicted that the rock sample would undergo secondary damage. In the sixth stage, the microcrack expansion caused by the secondary damage was lost to the bearing capacity. At this time, the acoustic emission activity was intense and the energy was very large, and the damage variable was in a rapid growth phase. About 10% of damage was caused by secondary damage. In the seventh and eighth stages, the axial pressure was greater than the confining pressure and the fracture was further aggravated. At this time point, the acoustic emission activity was more intense and the energy was larger, and the damage variable was in a stage of slow growth and rapid growth.
As can be seen from Figure 12 , the curve can be divided into five stages.
e first, second, and third stages were similar to the low confining pressure rock samples, but the growth rate of the damage variable was greater than that of the low confining pressure. e results were in line with the actual situation. e rock fracture could be predicted by the rapid growth of the second-stage damage variable. About 88% of damage was caused by destruction. e fourth phase was the stable period before synchronous unloading.
No new cracks appeared and spread. At this point, the acoustic emission signal was minimal and the energy was minimal, and the damage variable was in a stable phase. In the fifth stage, the axial unloading caused by the simultaneous unloading was greater than the confining pressure and the fracture was further aggravated, making the rock sample unstable. At this time, the acoustic emission activity was more intense and the energy was larger, and the damage variable was in a slow growth stage.
Analysis of Unloading Damage Precursor Information Based on Rock Mechanics Characteristics, Energy Conversion
Characteristics, and Damage Evolution Law. e precursory information of the primary damage is consistent with other research results and will not be discussed here.
e secondary damage precursor information caused by excavation unloading is of great significance to the safety and stability control of the project. ere is an abnormal stage in the early stage of rock failure. e deformation anomaly, energy anomaly, and damage anomaly are analyzed to comprehensively evaluate the precursor characteristics of the secondary failure of rock mass.
It is obtained in the analysis in Section 3.2 that primary failure causes large radial deformation, which causes the toroidal sensor to reach or exceed the limit. ere is a certain deviation in the radial deformation or the physical strain evaluation. e axial strain is used to analyze the secondary damage precursor of the rock. By analyzing the samples of the confining pressures of 5 MPa, 10 MPa, and 20 MPa, it can be inferred that the secondary damage will occur when the axial strain slope changes. e axial strain slope of the 5 MPa sample at 2759 s was changed, and the secondary damage occurred at 2827 s. e energy release process during the peak unloading process of the 5 MPa sample was analyzed.
e energy release process approximated the S-shaped curve. e energy release jump point appeared in the second stage of the secondary failure. e moment occurred at 2812 s, which indicates that energy release predicts the precursory characteristics of the damage. Before the secondary failure of the rock sample, there is a rapid growth period of damage evolution. e damage evolution increase time is 2691 s, and the second damage occurs after 136 s, indicating that the damage can be predicted by accelerating growth of damage evolution. From the perspective of deformation, energy, and damage, it is found that the first feedback in the secondary rupture of the rock sample is the acceleration of the damage parameter, and then, the feedback is the inflection point of the axial strain slope. Finally, the feedback is the energy release jumping. e above parameters all made abnormal feedback before the second rupture, which can comprehensively judge the arrival of instability, and it has certain guiding significance for the scene.
Conclusion
In this paper, the triaxial tester and acoustic emission system of France were used to perform the postpeak simultaneous unloading of the peak pressure and confining pressure in the yellow sandstone.
e mechanical characteristics, energy conversion characteristics, and damage evolution of yellow sandstone in a primary and secondary destruction process are obtained. Meanwhile, the following rules are generated:
(1) When the confining pressure was 5 MPa, 10 MPa, and 20 MPa, secondary failure occurred. However, no secondary failure occurred when the confining pressure was 30 MPa and 40 MPa. After the destruction of the rock, it requires specific adjustment and a certain pressure drop occurs. e degree of secondary rupture and the number of cracks are larger than those without secondary damage. When the secondary unloading is induced by synchronous unloading, the corresponding confining pressure value, the pressure difference during secondary damage, the time of secondary failure, and the stress reduction value during failure are all different. e problem of secondary damage in engineering should be handled with care. (2) e stress release rate of the initial failure is obvious, showing the trend of "√." With the increase of confining pressure, the stress release rate of secondary failure rock samples increases correspondingly. (3) e law of strain change of the secondary failure occurs as follows: rough the body strain remains unchanged, it is determined as a breakage warning time. Due to the difference in initial unloading stress, the overall axial loading and confining pressure unloading occur. is serves as the essential reason for secondary damage. rough the inflection point of the axial strain slope, the secondary failure of the rock is predicted. e two-stage characteristics of rock sample strain unloading without secondary failure occur. As the hydrostatic pressure increases, the body strain increases correspondingly. When the pressure is lower, the increase is faster, and when the pressure is higher, the increase is steady. (4) As the confining pressure increases, the energy stored before the peak increases continuously. For the rock samples with secondary failure, the energy released after the peak increases with the confining pressure first decreasing and then increasing. e law of releasing energy at the initial destruction is the opposite of the law of secondary destruction of energy. With the increase of confining pressure, the energy released after the peak of the rock that has not undergone the secondary destruction is continuously decreasing. e release velocity of the first destructive energy tends to decrease first and then increase with the increase of the confining pressure. e rate of release of secondary destructive energy continues to increase. As the confining pressure increases, the remaining energy shows a tendency of fluctuating growth. e coefficient of plasticity shows a trend of increasing first and then decreasing. (5) e damage evolution law of rock samples with secondary damage is divided into eight stages: the stage of small increase of damage variable, slow growth of damage variable, rapid increase of damage variable, stability of damage variable, rapid increase of damage variable, rapid growth of damage variable, slow growth of damage variable, and rapid growth. e damage evolution of rock specimens without secondary damage is divided into five stages: smallscale increase of damage variable, slow increase of damage variable, rapid growth of damage variable, steady state of damage variable, and slow growth of damage variable. e secondary damage of the rock sample with secondary failure is superposed less than the damage degree of the rock sample with one failure.
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